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FAULT DETECTION DEVICE FOR
INVERTER SYSTEM

RELATED APPLICATIONS

This is a U.S. National stage of International application
No. PCT/IP2012/079388 filed on Nov. 13, 2012.

This patent application claims the priority of Japanese
application no. 2011-254024 filed Nov. 21, 2011, the disclo-
sure content of which is hereby incorporated by reference.

TECHNICAL FIELD

The present invention relates to a fault detection device that
detects a fault in an inverter system that includes an inverter
circuit and a motor driven by the inverter circuit, and more
particularly, relates to a fault detection device for an inverter
system capable of detecting a fault in a current measuring unit
that measures current flowing in an inverter circuit before the
start of driving of the inverter system, determining thereafter
a fault in the inverter circuit and a motor coil, and being easily
manufactured at low cost.

BACKGROUND ART

A conventional fault detection device for an inverter circuit
includes: a current measuring unit that measures current of an
inverter circuit that drives a motor; an overcurrent determi-
nation circuit that determines whether the measured current is
overcurrent based on an output signal of the current measur-
ing unit; and an inverter-output control circuit that controls an
output of an inverter driving circuit that drives the inverter
circuit based on an output signal of the overcurrent determi-
nation circuit. Here, current is forcibly supplied to at least one
phase of a motor coil before rotationally driving the motor by
the inverter circuit, the current is measured by the current
measuring unit, the overcurrent determination circuit deter-
mines whether the measured current is overcurrent based on
the output signal of the current measuring unit, and it is
determined whether there is an abnormality based on the
output signal of the overcurrent determination circuit (for an
example, see Patent Document 1).

In this case, when detection of fault in the inverter circuit is
performed, and if the current measuring unit has failed, it is
not possible to measure the current of the inverter circuit, and
consequently, it is not possible to detect the fault in the
inverter circuit. Thus, it is important to detect the fault in the
current measuring unit. In this regard, as another fault detec-
tion device for an inverter circuit, there is a technique in which
plural current measuring units are provided to detect the fault
in the current measuring units and currents measured by the
respective current measuring units are compared with each
other to mutually monitor the fault in the current measuring
units.

CITATION LIST
Patent Document

Patent Document 1: Japanese Laid-Open Patent Application
Publication No. 2001-320894

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

However, in the conventional fault detection device for the
inverter circuit, it is necessary to provide the plural current
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measuring units to detect the fault in the current measuring
units, and thus, the circuit becomes complicated and its
manufacturing becomes difficult. Furthermore, since the
number of components is increased, the manufacturing cost
increases. Particularly, in order to measure the current based
onavery small voltage drop in a shunt resistor when the shunt
resistor is used in the current measuring unit, it is necessary to
use an expensive amplification circuit with high accuracy,
which causes increase in manufacturing cost.

Thus, in order to solve the above-described problems, an
object of the invention is to provide a fault detection device
for an inverter system capable of detecting a fault in a current
measuring unit that measures current flowing in an inverter
circuit before the start of driving of the inverter system,
detecting thereafter a fault in the inverter circuit and a motor
coil, and being easily manufactured at low cost.

Means for Solving the Problems

In order to achieve the above object, according to an aspect
of the invention, there is provided a fault detection device for
an inverter system that detects a fault in the inverter system,
the inverter system including an inverter circuit that converts
input DC power into AC power and a motor that is driven by
the inverter circuit, in which, when a driving start signal of the
inverter circuit is input, a test voltage applying unit applies a
predetermined first test voltage to a current measuring unit
that measures current flowing in the inverter circuit, and it is
determined whether the current measuring unit has failed or
not based on the applied first test voltage, and a control unit
applies a predetermined second test voltage to the inverter
circuit and the motor, and it is determined whether the inverter
circuit and a coil of the motor have failed or not based on the
applied second test voltage, so that it is determined whether
the current measuring unit has failed or not before the start of
driving of the inverter system, and then it is determined
whether the inverter circuit and the coil of the motor have
failed or not.

With this configuration, when the driving start signal of the
inverter circuit is input, the predetermined first test voltage is
applied to the current measuring unit, and it is determined
whether the current measuring unit has failed or not based on
the applied first test voltage. Then, the predetermined second
test voltage is applied to the inverter circuit and the motor, and
it is determined whether the inverter circuit and the coil of the
motor have failed or not based on the applied second test
voltage.

Furthermore, when the first test voltage amplified by an
amplification circuit provided in the current measuring unit is
greater than an upper limit value of a voltage range that is
determined in advance based on the first test voltage or is less
than a lower limit value thereof, the control unit may deter-
mine that the current measuring unit has failed.

Furthermore, when the second test voltage amplified by an
amplification circuit provided in the current measuring unit is
greater than an upper limit value of a voltage range that is
determined in advance based on the second test voltage or is
less than a lower limit value thereof, the control unit may
determine that the inverter circuit and the coil of the motor
have failed.

Furthermore, when a predetermined time elapses from the
start of application of the second test voltage, the control unit
may determine whether the inverter circuit and the coil of the
motor have failed or not.

Advantageous Effects of the Invention

According to the invention relating to claim 1, it is possible
to apply the predetermined first test voltage to the current
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measuring unit when the driving start signal of the inverter
circuit is input, to determine whether the current measuring
unit has failed or not based on the applied first test voltage.
Then, it is possible to apply the predetermined second test
voltage to the inverter circuit and the motor, to determine
whether the inverter circuit and the coil of the motor have
failed or not based on the applied second test voltage. Accord-
ingly, it is possible to detect the fault in the current measuring
unit before the start of driving of the inverter system. Further-
more, itis possible to detect the fault in the inverter circuit and
the fault in the coil of the motor. In this case, since the number
of the current measuring unit is one, the circuit can be sim-
plified and can be easily manufactured. Furthermore, since
the number of components is small, it is possible to manufac-
ture the circuit at low cost. In particular, when a shunt resistor
is used in the current measuring unit, only one expensive
amplification circuit for measuring the current based on a
very small voltage drop in the shunt resistor is required, and
thus, it is possible to manufacture the circuit at low cost.

According to the invention relating to claim 2, even when
the first test voltage amplified by the amplification circuit
provided in the current measuring unit is greater than the
upper limit value of the voltage range that is determined in
advance or even when the amplified voltage is less than the
lower limit value thereof, the control unit can perform the
determination as to whether the current measuring unit has
failed or not. Accordingly, it is possible to reliably detect the
fault in the current measuring unit.

According to the invention relating to claim 3, even when
the second test voltage amplified by the amplification circuit
provided in the current measuring unit is greater than the
upper limit value of the voltage range that is determined in
advance or even when the amplified voltage is less than the
lower limit value thereof, the control unit can perform the
determination as to whether the inverter circuit and the coil of
the motor have failed or not. Accordingly, it is possible to
reliably detect the fault in the inverter circuit and the coil of
the motor.

According to the invention relating to claim 4, when the
predetermined time elapses from the start of application of
the second test voltage, the control unit can determine
whether the inverter circuit and the coil of the motor have
failed or not. Accordingly, it is possible to accurately deter-
mine the fault in the inverter circuit and the coil of the motor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a fault detection
device for an inverter system according to an embodiment of
the invention;

FIG. 2 is a flowchart illustrating an operation of the fault
detection device for the inverter system;

FIG. 3 is a schematic diagram of a motor-driving inverter
circuit to which the fault detection device for the inverter
system is connected;

FIG. 4 is a table in which, with respect to IGBTs supplied
with current in detection of a short circuit of the inverter
circuit in FIG. 3, a current determination result and a short
circuit detection result for each IGBT are collectively shown;

FIG. 5 is a table in which, with respect to pairs of IGBTs
supplied with current in detection of a short circuit of the
inverter circuit and a motor coil in FIG. 3, a current determi-
nation result and a short circuit detection result for each pair
of IGBTs are collectively shown; and

FIG. 6 is a table in which, with respect to pairs of IGBTs
supplied with current in detection of disconnection of the
inverter circuit and the motor coil in FIG. 3, a current supply
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4

determination result and a disconnection detection result for
each pair of IGBTs are collectively shown.

REFERENCE SIGNS LIST

1 Fault detection device

2 Inverter circuit

3 Power source

4 Driving start switch

5 Motor

10 Current measuring unit
11 Shunt resistor

12 Amplification circuit
20 Test voltage applying unit
21 Battery

22 Switch

30 Control unit

MODE FOR CARRYING OUT THE INVENTION

Embodiments of the invention will now be described with
reference to the accompanying drawings.

FIG. 1 is a block diagram illustrating a fault detection
device for an inverter system according to an embodiment of
the invention. A circuit illustrated in the block diagram of
FIG. 1 represents a use state where a fault detection device 1
for an inverter system according an embodiment of the inven-
tion (hereinafter, referred to as a “fault detection device”) is
connected to an inverter circuit 2 that is a fault detection
target, in which the inverter circuit 2, a power source 3 and a
driving start switch 4 are connected to the fault detection
device 1 and a motor 5 is connected to the inverter circuit 2.
The inverter circuit 2 is a circuit that is used for controlling the
motor 5 or the like and converts DC power supplied from the
power source 3 into AC power. The power source 3 supplies
the DC power to the inverter circuit 2. The driving start switch
4 is a switch for starting a driving control of the inverter circuit
2. By turning on the driving start switch 4, a driving start
signal Sig1 of the inverter circuit 2 is output. The driving start
switch 4 may be a manual switch or an electronic control
switch.

The fault detection device 1 detects a fault in an inverter
system that includes the inverter circuit 2 and the motor 5
driven by the inverter circuit 2. The fault detection device 1 is
connected to the inverter circuit 2 that drives the motor 5. The
fault detection device 1 includes a current measuring unit 10,
a test voltage applying unit 20 and a control unit 30.

The current measuring unit 10 is connected to a ground side
of the inverter circuit 2, that is, between the inverter circuit 2
and the ground, to measure current flowing in the inverter
circuit 2, and includes a shunt resistor 11 and an amplification
circuit 12. The current measuring unit 10 may be connected to
a power source supply side of the inverter circuit 2, that is,
between the inverter circuit 2 and the power source 3.

The shunt resistor 11 is connected to the ground side of the
inverter circuit 2 in series, and generates a voltage drop when
the current flows in the inverter circuit 2. A resistance value of
the shunt resistor 11 is decided based on the current flowing in
the inverter circuit 2 or a circuit design.

The amplification circuit 12 is a differential amplification
circuit that amplifies a voltage difference between both ends
of the shunt resistor 11 with a predetermined amplification
factor. The amplification circuit 12 is connected to the shunt
resistor 11 in parallel, amplifies the voltage difference
between the both ends of the shunt resistor 11 with the pre-
determined amplification factor, and then, outputs the ampli-
fied voltage to the control unit 30 (to be described later). The
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amplification factor is decided based on the current flowing in
the inverter circuit 2 or the circuit design. Furthermore, as the
amplification circuit 12, an operational amplifier may be
used.

The test voltage applying unit 20 applies a predetermined
firsttest voltage to the current measuring unit 10, and includes
a battery 21 and a switch 22. The battery 21 is a power source
that supplies the first DC test voltage to the current measuring
unit 10, and is connected to the current measuring unit 10
through the switch 22. The battery 21 may be provided sepa-
rately from the power source 3 that drives the inverter circuit
2, or the power source 3 may be used as the battery 21. The
switch 22 is a switch controlled by the control unit 30 (to be
described later). The first test voltage is applied to the current
measuring unit only when the switch is turned on. As the
switch 22, a relay, a transistor or the like may be used.

The control unit 30 controls the inverter circuit 2, deter-
mines whether the current measuring unit 10 has failed or not
based on the first test voltage applied to the current measuring
unit 10 by the test voltage applying unit 20, applies a prede-
termined second test voltage to the inverter circuit 2, and
determines whether the inverter circuit 2 and a coil of the
motor 5 (hereinafter, referred to as a “motor coil””) have failed
or not based on the applied second test voltage. As the control
unit 30, a microcomputer may be used. Furthermore, the
control of the inverter circuit 2 and the determination of the
fault in the inverter circuit 2 and the motor coil may be
performed by separate microcomputers.

Next, an operation of the fault detection device 1 with such
a configuration will be described. First, the operation until the
fault detection device 1 according to the present embodiment
detects the fault in the current measuring unit 10 that mea-
sures the current flowing in the inverter circuit 2 will be
described with reference to FIGS. 1 and 2.

First, in FIG. 1, if the driving start switch 4 is turned on in
a manual manner or under an electronic control, the driving
start signal Sigl is output by the driving start switch 4 and is
input to the control unit 30 (step S1 in FIG. 2). If the driving
start signal Sig1 is input, the control unit 30 outputs a control
signal Sig2 to the switch 22 to turn on the switch 22. If the
switch 22 is turned on, the first test voltage is applied to the
current measuring unit 10 from the battery 21 (step S2).
Furthermore, as the current flows in the current measuring
unit 10, a voltage drop occurs in the shunt resistor 11, the
voltage difference between the both ends of the shunt resistor
11 is amplified by the amplification circuit 12, and the ampli-
fied first test voltage (hereinafter, referred to as a “first input
voltage”) is output to be input to the control unit 30 (step S3).

If the first input voltage is input, the control unit 30 com-
pares the first input voltage with a voltage range (hereinafter,
referred to as a “first voltage range”) that is determined in
advance based on the first test voltage (step S4). If the first
input voltage is beyond the first voltage range, that is, if the
first input voltage is greater than an upper limit value of the
range or less than a lower limit value of the range, the proce-
dure proceeds to “No” in the flowchart in FIG. 2, and the
control unit 30 determines that the current measuring unit 10
has failed (step S5). Furthermore, the control unit 30 outputs
a control signal Sig3 to turn off the switch 22, stops the
application of the first test voltage, and stops the driving start
control of the inverter circuit 2 (step S6).

Conversely, in step S4, if the first input voltage is within the
first voltage range, that is, if the first input voltage is less than
or equal to the upper limit value and greater than or equal to
the lower limit value of the range, the procedure proceeds to
“Yes” in the flowchart in FIG. 2, and the control unit 30
determines that the current measuring unit 10 is normal (step
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S7). Furthermore, the control unit 30 outputs the control
signal Sig3 to turn off the switch 22, and stops the application
of the first test voltage. The first voltage range is stored in a
storage unit provided inside or outside the control unit 30.

With the above-described configuration and operation, the
control unit 30 can determine whether the current measuring
unit 10 has failed or not based on the first test voltage applied
to the current measuring unit 10 by the test voltage applying
unit 20. Accordingly, before detecting the fault in the inverter
circuit 2, it is possible to detect the fault in the current mea-
suring unit 10. Furthermore, since only one current measur-
ing unit 10 is provided, the circuit is simplified. Thus, it is
possible to easily manufacture the circuit. Furthermore, the
number of components decreases, and thus, it is possible to
manufacture the circuit at low cost. In particular, since only
one expensive amplification circuit 12 for detecting a very
small voltage drop in the shunt resistor 11 is required, it is
possible to manufacture the circuit at low cost. Furthermore,
even when the first input voltage is greater than the upper limit
value ofthe first voltage range or even when the voltage is less
than the lower limit value thereof, the control unit 30 can
perform the determination as to whether the current measur-
ing unit 10 has failed, and thus, it is possible to reliably detect
the fault in the current measuring unit 10.

Next, the operation until the fault detection device 1
according to the invention detects the fault in the inverter
circuit 2 will be described with reference to FIGS. 1 and 2.

In step S7 in FIG. 2, if the control unit 30 determines that
the current measuring unit 10 is normal, the control unit 30
outputs a control signal Sig4 to the inverter circuit 2 and
applies the second test voltage to the inverter circuit 2 (step
S8). Then, the current flowing in the inverter circuit 2 is
measured by the current measuring unit 10, and a voltage drop
occurs in the shunt resistor 11 by the flow of the current. Then,
a voltage difference between both ends of the shunt resistor
11 is amplified by the amplification circuit 12, and the ampli-
fied second test voltage (hereinafter, referred to as a “second
input voltage™) is output to be input to the control unit 30 (step
S9).

The control unit 30 determines whether a predetermined
time (hereinafter, referred to as a “current supply time”)
elapses from the start of the application of the second test
voltage (step S10), and if the time does not elapse, the proce-
dure proceeds to “No” in the flowchart in FIG. 2. Further-
more, if the current supply time elapses, the procedure pro-
ceeds to “Yes”, to compare the second input voltage that is
input when the current supply time elapses with a voltage
range (hereinafter, referred to as a “second voltage range”)
that is determined in advance based on the second test voltage
(step S11). If the second input voltage is beyond the second
voltage range, that is, if the second input voltage is greater
than an upper limit value of the range or less than a lower limit
value of the range, the procedure proceeds to “No” in the
flowchart in FIG. 2, and the control unit 30 determines that the
inverter circuit 2 has failed (step S12). Furthermore, the con-
trol unit 30 outputs a control signal Sig5 to stop the applica-
tion of the second test voltage, and stops the driving start
control of the inverter circuit 2 (step S6).

Conversely, in step S11, if the second input voltage is
within the second voltage range, that is, if the second input
voltage is less than or equal to the upper limit value and
greater than or equal to the lower limit value of the range, the
procedure proceeds to “Yes” in the flowchart in FIG. 2, and
the control unit 30 determines that the inverter circuit 2 is
normal (step S13). Then, the control unit 30 outputs a control
signal Sigé to start the driving of the inverter circuit 2 (step
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S14). The second voltage range and the current supply time
are stored in the storage unit provided inside or outside the
control unit 30.

With the above-described configuration and operation,
even when the second input voltage is greater than the upper
limit value of the second voltage range or even when the
voltage is less than the lower limit value thereof, the control
unit 30 can perform the determination as to whether the
inverter circuit 2 has failed or not. Accordingly, it is possible
to reliably detect the fault in the inverter circuit 2. Further-
more, since the control unit 30 can determine whether the
inverter circuit 2 has failed or not when the current supply
time of the second test voltage elapses, it is possible to prop-
erly decide the second voltage range by determining the cur-
rent supply time in advance. Thus, it is possible to accurately
determine the fault in the inverter circuit 2.

Furthermore, an operation when the fault detection device
1 having the above-described configuration is used in the
inverter circuit 2 for driving the motor will be described with
reference to FIGS. 3 to 6.

FIG. 3 is a schematic diagram illustrating the inverter cir-
cuit 2 for driving the motor, connected to the fault detection
device 1 illustrated in FIG. 1. In FIG. 3, the motor 5 driven by
the inverter circuit 2 is a three-phase brushless DC motor, and
the inverter circuit 2 is a three-phase inverter circuit that
includes six insulated gate bipolar transistors (hereinafter,
referred to as “IGBTs”). As illustrated in FIG. 3, circuit
portions that include two IGBTs that are vertically aligned
and connected to each other are respectively referred to as a
U-phase, a V-phase and a W-phase from the left side in FIG.
3, and coils of the motor 5 driven by the respective phases are
respectively referred to as a U-phase coil, a V-phase coil and
a W-phase coil (not illustrated).

The operation of the fault detection device 1 has been
described above, but when the motor 5 is driven by the
inverter circuit 2, the voltage range based on the second test
voltage used to detect the fault in the inverter circuit 2 may be
decided based on the current supply time of the second test
voltage, as follows.

When the current flowing in the inverter circuit 2 is I, the
second test voltage is V, inductance of the coil is L, and the
time that elapses from the start of the current supply to the
inverter circuit 2 is t, a current according to a formula of
I=/V/Ldt flows in the inverter circuit 2. For example, when the
second test voltage is 100 V and the coil inductance is 1 mH
(assuming that wire wound resistance of the coil is small),
when the current flows through the upper side of the U-phase
and the lower side of the V-phase of the inverter circuit 2, and
when 100 psec elapses from the start of the current supply to
the inverter circuit 2, a current of 10 A flows in the inverter
circuit 2. Accordingly, it is possible to decide the second
voltage range based on the current of 10 A, the resistance
value of the shunt resistor 11, and the amplification factor of
the amplification circuit 12.

[Short Circuit Detection of Inverter Circuit 2]

After it is determined that the current measuring unit 10
illustrated in FIG. 1 is normal, when the fault in the inverter
circuit 2 is detected, by sequentially supplying current to six
IGBTs, it is possible to detect which IGBT a short circuit
occurs in. FIG. 4 is a table in which, with respect to IGBTs
supplied with current in detection of the short circuit of the
inverter circuit 2 in FIG. 3, a current determination result and
a short circuit detection result corresponding to the determi-
nation result for each IGBT in the control unit 30 are collec-
tively shown.

In FIG. 4, the IGBT on the lower side of the U-phase is
supplied with current (applied with the second test voltage)
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by the control unit 30 illustrated in FIG. 1, and the current
flowing in the IGBT is measured by the current measuring
unit 10. Here, when the control unit 30 determines that the
measured current is overcurrent, the short circuit on upper
side of the U-phase is detected. Furthermore, when it is deter-
mined that the measured current is within a predetermined
current range (the second input voltage is within the second
voltage range), the control unit 30 determines that the IGBT
on the upper side of the U-phase is normal, and stops the
current supply.

When it is determined that the IGBT on the upper side of
the U-phase is normal, the control unit 30 supplies current
(applies the second test voltage) to the IGBT on the lower side
of'the V-phase. Furthermore, the current flowing in the IGBT
is measured by the current measuring unit 10, and then, the
control unit 30 determines whether the measured current is
overcurrent. When it is determined that the current is the
overcurrent, the short circuit on upper side of the V-phase is
detected. Furthermore, when it is determined that the current
is within the predetermined current range (the second input
voltage is within the second voltage range), the control unit 30
determines that the IGBT on the upper side of the V-phase is
normal, and stops the current supply.

By sequentially performing the above operation for all six
IGBTs, it is possible to detect the short circuit of each IGBT
in the inverter circuit 2. In FIG. 4, the current supply to the
respective IGBTs is performed in the order of the lower side
of'the U-phase, the lower side of the V-phase, the lower side
of'the W-phase, the upper side of the U-phase, the upper side
of the V-phase, and the upper side of the W-phase, but any
order may be employed. By supplying current to the IGBT on
the upper side of each phase in the inverter circuit 2, it is
possible to detect the short circuit of the IGBT on the lower
side of each phase, and by supplying current to the IGBT on
the lower side of each phase in the inverter circuit 2, it is
possible to detect the short circuit of the IGBT on the upper
side of each phase.

[Short Circuit Detection of Inverter Circuit 2 and Coil of
Motor 5]

Next, after it is determined that the current measuring unit
10 illustrated in FIG. 1 is normal, when the detection of fault
in the inverter circuit 2 is performed, by sequentially supply-
ing current through six IGBTs, it is possible to detect a short
circuit in each IGBT, a short circuit between the IGBTs and a
short circuit of the coil in each phase of the motor 5. FIG. 5 is
atable in which, with respect to pairs of IGBTs supplied with
current in detection of a short circuit of the inverter circuit 2
and the coil in each phase of the motor 5 in FIG. 3, a current
determination result and a short circuit detection result cor-
responding to the determination result for each pair of the
IGBTs obtained by the control unit 30 are collectively shown.

In FIG. 5, for example, the current supply is sequentially
performed (the second test voltage is applied) to the IGBTs on
the upper side of the U-phase and the lower side of the
V-phase in the inverter circuit 2, the IGBTSs on the upper side
of'the U-phase and the lower side of the W-phase, the IGBTs
on the upper side of the V-phase and the lower side of the
U-phase, the IGBTSs on the upper side of the V-phase and the
lower side of the W-phase, the IGBTSs on the upper side of the
W-phase and the lower side of the U-phase, and the IGBTs on
the upper side of the W-phase and the lower side of the
V-phase, by the control unit 30. Then, in each case, a current
flowing through each pair of the IGBTs is measured by the
current measuring unit 10, and the determination is per-
formed by the control unit 30. Here, when it is determined that
the currents flowing through the IGBTs on the upper side of
the U-phase and the lower side of the V-phase, the IGBTs on
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the upper side of the U-phase and the lower side of the
W-phase, the IGBTs on the upper side of the V-phase and the
lower side of the U-phase, and the IGBTs on the upper side of
the W-phase and the lower side of the U-phase are approxi-
mately twice a predetermined current (the second input volt-
age is approximately twice the second voltage range), and
when it is determined that the currents flowing through the
IBGTs on the upper side of the V-phase and the lower side of
the W-phase, and the IGBTs on the upper side of the W-phase
and the lower side of the V-phase are within a predetermined
current range (the second input voltage is within the second
voltage range), the short circuit of the coil in the U-phase of
the motor 5 is detected. Here, the current may be supplied in
any order. Furthermore, the “normal” in the current supply
result in FIG. 5 indicates that the current flowing through the
respective pair of the IGBTs is within the predetermined
current range (the second input voltage is within the second
voltage range).

[Disconnection Detection of Inverter Circuit 2 and Coil of
Motor 5]

Next, after it is determined that the current measuring unit
10 illustrated in FIG. 1 is normal, when the detection of fault
in the inverter circuit 2 is performed, by sequentially supply-
ing current through six IGBTs, it is possible to detect discon-
nection in each IGBT and disconnection of the coil in each
phase of the motor 5. FIG. 6 is a table in which, with respect
to pairs of IGBTs supplied with current in detection of dis-
connection of the inverter circuit 2 and the coil in each phase
of'the motor 5 in FIG. 3, a current supply determination result
and a disconnection detection result corresponding to the
determination result for each pair of the IGBTs obtained by
the control unit 30 are collectively shown.

In FIG. 6, for example, the current supply is sequentially
performed (the second test voltage is applied) to the IGBTs on
the upper side of the U-phase and the lower side of the
V-phase in the inverter circuit 2, the IGBTs on the upper side
of'the U-phase and the lower side of the W-phase, the IGBTs
on the upper side of the V-phase and the lower side of the
U-phase, the IGBTs on the upper side of the V-phase and the
lower side of the W-phase, the IGBTSs on the upper side of the
W-phase and the lower side of the U-phase, and the IGBTs on
the upper side of the W-phase and the lower side of the
V-phase, by the control unit 30. Then, in each case, a current
flowing through each pair of the IGBTs is measured by the
current measuring unit 10, and the determination is per-
formed by the control unit 30. Here, when it is determined that
the current does not flow through the IGBTs on the upper side
of'the U-phase and the lower side of the V-phase, the IGBTs
on the upper side of the U-phase and the lower side of the
W-phase, the IGBTs on the upper side of the V-phase and the
lower side of the U-phase, and the IGBTs on the upper side of
the W-phase and the lower side of the U-phase (the second
input voltage is 0 V), and when it is determined that the
current flows through the IBGTs on the upper side of the
V-phase and the lower side of the W-phase, and the IGBTs on
the upper side of the W-phase and the lower side of the
V-phase (the second input voltage >0 V), the disconnection of
the coil in the U-phase of the motor 5 is detected. Here, the
current may be supplied in any order. Furthermore, the “cur-
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rent supply” in the current supply result in FIG. 6 represents
that the current flows through the respective pair of the
IGBTs, which is irrespective of whether the current is over-
current.

The above-described detection methods may be individu-
ally used, or a combination of two or more detection methods
may be used.

The invention claimed is:

1. A fault detection device for an inverter system, that
detects a fault in the inverter system, the inverter system
including:

an inverter circuit which converts input DC power into AC
power;

a motor which is driven by the inverter circuit;

a current measuring unit that measures current flowing in
the inverter circuit;

a test voltage applying unit which applies a predetermined
first test voltage to the current measuring unit when a
driving start signal of the inverter circuit is input,
whether the current measuring unit has failed being
determined based on the applied predetermined first test
voltage; and

a control unit which applies a predetermined second test
voltage to the inverter circuit and the motor, whether the
inverter circuit and a coil of the motor have failed being
determined based on the applied second test voltage;

wherein a driving start control of the inverter circuit is
stopped upon determining failure of the current measur-
ing unit based on the first test voltage;

wherein the driving start control of the inverter circuit is
stopped upon determining the inverter circuit and the
coil of the motor have failed based on the second test
voltage after determining the current measuring unit is
normal; and

wherein driving of the inverter circuit is started upon deter-
mining the inverter circuit and the coil of the motor are
normal.

2. The fault detection device for an inverter system accord-
ing to claim 1, wherein when the first test voltage amplified by
an amplification circuit provided in the current measuring
unit is greater than an upper limit value of a voltage range that
is determined in advance based on the first test voltage or is
less than a lower limit value thereof, the control unit deter-
mines that the current measuring unit has failed.

3. The fault detection device for an inverter system accord-
ing to claim 1, wherein when the second test voltage amplified
by an amplification circuit provided in the current measuring
unit is greater than an upper limit value of a voltage range that
is determined in advance based on the second test voltage or
is less than a lower limit value thereof, the control unit deter-
mines that the inverter circuit and the coil of the motor have
failed.

4. The fault detection device for an inverter system accord-
ing to claim 1, wherein when a predetermined time elapses
from the start of application of the second test voltage, the
control unit determines whether the inverter circuit and the
coil of the motor have failed.
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